similar value for R was obtained for migration of subboundaries. It follows that the formation volume for defects controlling atomic mobility across general boundaries is significantly less than of those controlling diffusion along boundaries and dislocation climb. The advantage of measurements of the effect of high pressure on diffusion is that it allows to determine the changes of the volume of the investigated body due to the creation and motion of defects controlling the diffusion kinetics. The basic equation in that respect is (1):
where: V X is the activation volume, R -gas constant, T -temperature, p -pressure, D -diffusion coefficient, D=D..exp(-G/RT), G -Gibbs free energy of activation for diffusion.
An identical in form as above equation can be applied to grain boundary migration processes.
Knowing the activation volume, it is possible to draw conclusions concerning the mechanisms of the thermally activated processes investigated. However, only few results concerning high pressure investigations of the mechanisms of thermal1 y activated atomic mobility in grain boundaries were reported (2,3). This concerns both grain boundary migration (GBM) (2) and grain boundary diffusion (GBD) ( 3 ) . The purpose of the present paper is to compare some recent results of investigations of the effect of high pressure on both GBM and GBD in the same material, aluminium.
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The details of the experiments are reported elsewhere (4) therefore here only a brief account of the experimental methods will be given. Aluminium rods of 4N purity were hydrostatically extruded so that their diameter was reduced from 30mm to 3mm. Further, one group of aluminium rods was annealed under pressures up to 1GPa at the temperature of 453K for one hour. It is known (5) that such a treatment at normal pressure leads to an "in-situ" recrystallization, not by movement of high angle, general boundaries, but by absorption of some subboundaries by other subboundaries. Therefore, the effect of high pressure on the rate of dislocation climb and subboundaries migration could be established.
Another group of specimens was fully recrystallized at 623K and subsequently annealed under high pressures. Afterwards, the effect of high pressure on the final grain size was measured. As the grain size is proportional to the grain boundary migration rate, this enabled the activation volume for migration of general boundaries to be assessed. The annealing treatments and the effect of high pressure on the grain size are given in tab. 1. Table. 1. The effect of annealing temperature and pressure on the grain size of aluminium after strong deformation 
*-not fully recrystallized material
The above results show that the grain growth i s not measurably affected by increasing the pressure of annealing. The activation volume for grain growth, i.e, GBM, was assessed as V"40.2 Q (4). However, increasing the pressure strongly affected the recrystallization process. In order to achieve a fully recrystallized structure, it was necessary to increase the time of annealing to 8 hours.
Besides grain size determination, mechanical tests of the annealed specimens were carried out <fig. 1). Mechanical tests are more suitable than grain size measurements when microstructure transformations of partly recrystallized specimens have to be assessed. In fact, the mechanical tests have shown that the yield stress of specimen B is by 30% higher than for specimen A. However, the specimen C, annealed under the same pressure as specimen B but for a time of 8 hours, has identical mechanical properties as specimen A, i.e, has a comparable microstructure. The above measurements allow to asses the activation volume for processes of dislocation climb and low angle grain boundary migration as V"z0.8Q (4). The purpose of those investigations was to measure the activation volume for grain boundary diffusion of Zn along general grain boundaries and subboundaries in aluminium. Those data are supposed to be relevant for grain boundary selfdiffusion as well (6>. Classical radiotracer methods were used and the high pressure equipment was the same as in the case of GBM studies. The experimental methods and results are given in detail in ref. (6). Fig.2 displays the effect of high pressure on diffusion along both types of boundaries. The activation volume for GBD in general boundaries was 0.80+/-0.1~2 while in subboundaries it was 0.86+/-0.06~2.
The above presented results consist a first approach to a comprehensive study of the effect of high pressures on the atomic mobility in grain boundaries of various types in one metal. The obtained values of activation volumes for GBM and GBD are consistent with results measured by various methods for metals (2, 3, 7) . In fact, Martin et all ( 3 ) obtained the value Vb-1. I+/-.2 R for GBD in an indefined boundary in silver. On the other hand, Hahn and Gleiter (2) stated no effect of high pressure on the activation energy of GBM in cadmium. As far as recrystallization and recovery is concerned, V" for those process in copper was found to be of the order of the atomic volume (7) . Therefore, the above presented data form a consistent pattern indicating that despite similar activation energies for GBD and GBM (8), different defects are controlling those processes. In the case of GBD, it seems that the presence in the boundary of thermally activated vacancies is indispensable for atomic motion parallel to boundaries and subboundaries, in agreement with general conclusions concerning dominating GBD mechanisms <9).
As far as GBM is concerned, week pressure dependence of atomic jumps across the boundary indicates that this process occurs rather by an interstitial than vacancy mechanism. The activation volume for interstitial5 is smaller than for vacancies (or negative) (1). However, that result can be explained as well in terms of structural porosity controlling grain boundary mobility , as suggested in ref ( 2 > or in terms of GBD being controlled by grain boundary dislocation climb while GBM by their glide.
Irrespectively on the migration mechanism, vacancy drag effects on migrating grain boundaries seem to play a less significant role than theoretically predicted (10,11)
Conclusions
The formation and migration volume for defects controlling atomic mobility perpendicular to the boundary is significantly less than of those controlling diffusion along boundaries. This work was supported by the Office for Research and Development (Poland) under contract CPBR 2.4
